Introduction
Salmonella enterica serotype Goldcoast is a pathogen of zoonotic origin which causes clinical disease in humans, primarily acute gastrointestinal illness (AGI). S. Goldcoast infection in humans is rare and is usually acquired through the consumption of raw or undercooked food of animal origin. Although most S. Goldcoast infections are reported as sporadic cases, a few epidemic outbreaks have been described in the international literature [1] [2] [3] [4] . In 2005 an outbreak of S. Goldcoast infection involved tourists from the United Kingdom (UK), Ireland, Denmark, Norway and Sweden who had travelled to Spain, but could not be linked to any specific source [2] . In 2001, at least nine people in Germany became infected due to the consumption of fermented sausages of pork origin [1] . The specific association of this Salmonella serovar with swine emerged also from the baseline surveys on the prevalence of Salmonella spp. in different food-producing animals in the European Union (EU) [5] [6] [7] [8] . Compared with other Salmonella serovars that have been shown to occur in many animals species and categories already surveyed in the EU (hens, broilers and turkeys), S. Goldcoast was the only serovar exclusively associated with pigs [9] . S. Goldcoast has also been reported as one of the most common Salmonella serovars identified from cattle in Germany, the United Kingdom (UK) and Spain in 2007 and 2008 [10, 11] .
In Italy, besides the national official surveillance system for human cases of Salmonella spp. infections based on the identification of clinical illness, the laboratory-based surveillance network for enteric pathogens Enter-net Italia (www.iss.it/ente) provides information on the microbiological characteristics of Salmonella spp. strains isolated from humans [12] . The data are gathered through a network of regional reference laboratories which characterise the strains isolated from the peripheral diagnostic laboratories. It is important to mention that due to a certain local variability of the number of peripheral laboratories and their compliance to surveillance, the sensitivity of the Enter-net Italia may differ between Italian regions, as a recent paper has shown for some regions of northern Italy [13] .
The Enter-net Italia network is coordinated by the National Reference Laboratory for Salmonella infection in humans at the Istituto Superiore di Sanità (ISS). It is strictly interfaced with the homologous Enter-Vet surveillance network for food and animals, coordinated by the Veterinary National Reference Laboratory for Salmonella at the Istituto Zooprofilattico Sperimentale delle Venezie, with whom they share protocols and databases [12] .
On 7 October 2009, Hungary launched an urgent inquiry through the Food-and Waterborne Diseases and Zoonoses Network (FWD network), which is coordinated by the European Centre for Disease Prevention and Control (ECDC), reporting an unusual increase in S. Goldcoast human infections in the country. The Enter-net Italia database indicated that a higher than expected number of S. Goldocoast isolates, clustering in time and in space at regional level, had occurred also in Italy, particularly since June 2009. Moreover, the molecular characteristics of the S. Goldcoast strains isolated from the case-patients, analysed by pulsedfield gel electrophoresis (PFGE), showed a genetic similarity of more than 90% with those from Hungary. Since Spain, Denmark, Norway, and the UK had also reported a higher than expected number of cases of S.Goldcoast infection in the same period (personal communication Celine Gossner, 8 December 2009), it was hypothesised that the Italian cases could be part of a larger multistate outbreak. In this article we report the results of the investigation carried out in Italy with the aim of identifying the origin of the Italian cluster of S. Goldcoast cases and the possible epidemiological link with cases that occurred in other EU Member States.
Methods
To coordinate the investigation activities, a multidisciplinary team was set up in November 2009 including the coordinators of the Enter-net and Enter-Vet surveillance networks, the health authorities of those regions where human cases had been passively reported, and the veterinary regional laboratories. Active case finding was carried out by sending an alert to the official health authorities of all the Italian regions requesting information on any further laboratory-confirmed cases of S. Goldcoast infection that had occurred in 2009. The same alert was sent to the Enter-Vet network in order to obtain information about the origin and the characteristics of any S. Goldcoast strains isolated from animals and food in the last five years.
Epidemiological investigation
The following definition of a S. Goldcoast epidemic case was adopted: a person who had a confirmed laboratory diagnosis of S. Goldcoast in Italy, after 1 June 2009. This date was chosen because a higher than expected number of cases was reported starting from 1 June. Patients fulfilling these criteria were traced and interviewed, upon consent, using a standardised questionnaire. For patients younger than 18 years the interview was conducted with the parents. The questionnaire was based on one designed by ECDC for the S. Goldcoast multistate outbreak investigation, and modified to better fit the Italian context (especially concerning food exposures). We collected information on the clinical course of AGI associated with S. Goldcoast infection, food consumption, contact with other people reporting AGI symptoms and contact with animals, in the week before the onset of symptoms. The cases were also asked about recent travel abroad. Cases who had already been interviewed by the local health authority were not interviewed again.
Cases were categorised as clustered or sporadic cases depending on whether a clear epidemiological link with other S. Goldcoast cases in Italy could be established. An epidemiological link included persons that attended the same social event as a confirmed case or those living with a household member with a confirmed S. Goldcoast infection.
A descriptive study was conducted with the sporadic cases in order to describe the travel and food consumption history as well as contacts with animals or people with AGI, in the week before the onset of illness. To investigate a single point-source outbreak that occurred on 9 June 2009 associated with S. Goldcoast infection, a cohort study was performed aimed at detecting the association between the consumption of food and the occurrence of AGI. Overall, the cohort study included 34 people, resident in the Lombardia region, who had participated in a day trip to Tuscany, and provided information on food consumption. The following case definition for AGI was adopted: a person who developed diarrhoea or had a positive culture for S. Goldcoast within seven days after the trip to Tuscany. For every food item, specific attack rates in exposed and unexposed individuals were calculated. The food-specific risk ratio (RR) with 95% confidence intervals (CI) and p values were calculated by univariate analysis, with being or not an AGI-case as the outcome variable and the consumption of each food item as the explanatory variable.
Microbiological and molecular investigation
S. Goldcoast human isolates from case-patients reported since 1 June 2009 were sent to ISS for serotyping confirmation, antibiotic resistance testing and molecular characterisation by PFGE. The antimicrobial resistance was assessed by the disk diffusion method using the Enter-net reference panel [14] which includes 12 antibiotic disks (Becton Dickinson).
The PFGE analysis was performed according to the PulseNet standardised protocol [15] using XbaI as the restriction enzyme (New England Biolabs, Ipswich, MA). To avoid degradation of DNA samples 50 μM thiourea was added to the running buffer and agarose gel [16] . S. enterica serotype Braenderup H9812 strain was used as the molecular size marker [17] .
Dendrogram and cluster analysis were performed using algorithms available in the BioNumerics software package v.6.0 (Applied Maths, Sint-MartensLatem, Belgium). Per cent similarity between different 
Number of clustered cases
For three cases the place of residence was unavailable. chromosomal fingerprints was scored by the Dice coefficient. The unweighted pair group method with arithmetic means (UPGMA), with a 1.00% tolerance limit and 1.00% optimisation, was used to obtain the dendrogram. DNA profiles differing by one or more DNA fragments were considered as distinct patterns. Strains with a coefficient of similarity of at least 90% were considered as genetically closely related. S. Goldcoast strains isolated in 2009 from the pig production chain and one PFGE profile from an isolate belonging to the Hungarian outbreak were also included in the cluster analysis.
Results
Between 1 June 2009 and 31 March 2010, a total of 79 S. Goldcoast cases were identified across Italy. The majority of them (n=60) were reported from northern Italy, particularly the Lombardia region (Figure 1) , with the remaining cases affecting 10 additional regions (Italy has 20 regions in total). More cases were male (n=48) than female (n=31), and more cases were adults of at least 18 years of age (n=56) than children under the age of 18 years (n=23). The median age of casepatients was 50 years (range: 10 months-93 years).
The distribution of the cases by week of onset of symptoms ( Figure 2) showed that cases peaked in week 23 (June 2009), which coincided with the time of the outbreak related to the trip to Tuscany. Sixty-two cases had no apparent link with other cases with a laboratory-confirmed diagnosis of S. Goldcoast and were classified as sporadic cases. In the following, these are described separately from the remaining 17 cases that were part of three different clusters.
The sporadic cases of S. Goldcoast infection
The investigation of sporadic cases took place between 1 December 2009 and 31 March 2010. The questionnaire on clinical symptoms associated with S. Goldcoast infection and exposures to potential sources of infection could be administered only to 39 of the 62 sporadic cases. In 22 cases the interview could not be completed due to one of the following reasons: refusal to participate, death, failure to trace the patient or reporting date after 31 March 2010. One case who had been interviewed was later excluded from the analysis because the information had been provided by a relative of the patient.
Thirty-seven of the 39 interviewed cases reported clinical symptoms. These included watery diarrhoea, abdominal cramps, fever, fatigue, vomiting and nausea ( Table 1 ). The duration of illness ranged between two and 20 days (mean: 7±5.2 days; median: 5 days). Sixteen cases were hospitalised. Two patients (66 and 77 years of age) with underlying chronic disease, died following the S. Goldcoast infection.
In the seven-day period before the onset of symptoms 15 cases reported exposure to risk factors for S. Goldcoast infection not related with food-consumption: travelling abroad (n=2), visiting farms (n=2), and contact with companion animals (n=11), poultry (n=6) or food-producing animals (cattle) (n=1). Contact with household members with gastrointestinal symptoms in Purple boxes refer to pre-epidemic cases, blue and green boxes refer to outbreak cases. Two cases in the cluster and four sporadic cases were asymptomatic and are not shown in the figure.
the seven days before the onset of illness was reported from six patients. The description of food items consumed in the week before the onset of AGI symptoms is reported in Table 2 .
Microbiological investigation
During the period from June 2009 to February 2010, 15 S. Goldcoast strains from human sporadic cases were received at ISS. Nine were from cases that occurred in northern Italy, five were from central Italy and one from southern Italy. All of them were confirmed as S. Goldcoast with specific antisera and susceptible to all drugs tested, when tested for antimicrobial susceptibility.
All but three strains were typeable by PFGE. Cluster analysis was performed including PFGE profiles of 12 Italian human outbreak strains, one isolate from a Hungarian case, representative of 43 strains with identical PFGE pattern isolated from patients involved in the outbreak, five strains isolated in Italy from food (pork minced meat, pork sausages and fish), and one from rendered animal proteins of pork and beef origin.
The cluster analysis of the PFGE profiles revealed that all the strains of human and animal origin had a high genetic homology (≥90%) with the Hungarian representative strain.
The clustered cases
Three different clusters of S. Goldcoast infections, all from the same area of the Lombardia region, could be identified. The largest cluster included 11 cases from the same town, who had participated in a day trip to Tuscany in early June 2009. Of the whole group of participants, 34 persons (21 female and 13 male) could be traced and interviewed about the occurrence of symptoms and food items consumed in the restaurant where the group had had lunch, as well as food they had brought from home. The median age of the respondents was 61 years (range: 3-91 years). A total of 19 people (all but one older than 18 years) reported AGI symptoms, which included watery diarrhoea (n=19), fever (n=12), vomiting (n=6) and abdominal pain (n=10). Of those, one patient needed hospitalisation. The mean incubation time was 30±19 hours (median: 23 hours; range: 12¬-64 hours). Fifteen patients submitted stool samples for laboratory investigation, from which S. Goldcoast was isolated in 11 cases.
Eating a sandwich with a traditional salami (Salame Mantovano) taken from home was the only item with a statistically significant association with AGI (RR: 1.98; p=0.048). AGI occurred in 14 of 20 people reporting and in five of 14 people not reporting consumption of salami. The salami sandwiches had been prepared at home by some of the participants, using various types of Salame Mantovano (including both commercial and home-made products), all purchased or produced for domestic consumption in the Mantova province.
The second cluster involved a family and was also linked to the consumption of a salami. S. Goldcoast was isolated from all four members of the family (both parents and their teenage children) resident in a village located 10 km from the place of residence of the cases in the first cluster. The family members showed AGI symptoms in early July 2009, two days after having eaten a Salame Mantovano purchased from a local retailer. The food trace-back showed that two different brands of Salami Mantovano had been sold in the supermarket. They were manufactured by two different factories located in the province of Mantova.
The third cluster included an adult and teenage child, both resident outside the Lombardia region, who had 
Investigation of food and the food chain
Due to a delay of more than four months between the occurrence of cases and the S. Goldcoast outbreak investigation, specimen of the suspected food could not be collected and examined for S. Goldcoast. Even for the cluster on the trip to Tuscany, which was promptly investigated after it was reported, neither leftover food nor samples of the same batches of salami could be taken and tested for S. Goldcoast, since the preliminary investigation omitted to include in the analytical study any food taken from home but focused on the food items consumed in the restaurant.
Data for S.
Goldcoast from the Enter-Vet database indicated that six strains had been isolated in 2009 in Italy from food and matrices of animal origin, mostly from the pork food chain. In particular the isolates were obtained from various batches of pork minced meat (n=2) and pork sausages (n=2), sampled in different cutting and manufacturing plants in northern and central Italy, from a sample of rendered animal protein of pork and beef origin intended for use as agricultural fertiliser, sampled in a rendering plant, and from a sample of fish organs. These last two sources were the only ones sampled in Mantova province. All isolates but one had been sampled between 10 June and 28 October 2009, whenever most human cases were observed. Trace-back of the S. Goldcoast strains isolated from the pork minced meat led to a single pig farm, located in Lombardia region, that raised pigs only for the fattening production-cycle. No further trace-back was possible for the other isolates.
Overall 28 of the 31 strains of S. Goldcoast of animal origin isolated in Italy between 2007 and 2009, were sampled along the pig production chain either at farm level (n=4), slaughterhouse (n=10), rendering plant (n=1), or in the post-harvest production chain such as processing plants (n=2), salami factories (n=10) and retail (n=1). Of the S. Goldcoast strains isolated in the post-harvest stage, six were from ground raw pork meat and four were from finished salami at different points in the curing process.
Unfortunately details on the reasons for sampling were not available, except for the S. Goldcoast strains from farms and slaughterers that had been sampled in 2007 and 2008 in the context of the EU baseline surveys on the prevalence on Salmonella spp. in slaughter and in breeding pigs, respectively [8, 9] .
Discussion
Our investigation revealed that a community-wide outbreak of S. Goldcoast probably associated with a continuous source of infection occurred in Italy between 2009 and 2010. It cannot be excluded that the real burden of this outbreak and its geographical distribution were wider than what was identified. Possible reasons for that include a general tendency to submit only a small proportion of stool samples for diagnostic investigation in patients with AGI [18] , especially when they are characterised by mild symptoms, and the heterogeneous availability of typing methods for Salmonella spp. in peripheral laboratories across the country. During the study period, the majority of cases were reported from the Lombardia region. This region has a well-established surveillance system for enteric pathogens causing AGI, including Salmonella spp., which is more sensitive than systems in other Italian regions [13] . It can therefore be argued that the outbreak may not have been limited to Lombardia, but that other epidemic cases may have occurred elsewhere in the country and remained undetected and/or unreported.
The consumption of pork-containing products has previously been described as associated with S. Goldcoast outbreaks. Our investigation therefore concentrated on the possibility that pork-containing products could be the main cause of this outbreak. This hypothesis was strongly supported by the investigation in food and animals, which indicated a close relationship between S. Goldcoast and the pork production chain, and by the microbiological characterisation of the S. Goldcoast strains, including PFGE typing, which showed a high genetic homology (≥99%) between strains of human and pig origin.
Epidemiological and microbiological results failed to implicate a definitive source of the outbreak. Nonetheless the consumption of different types of pork-containing food, in particular salami remains a very possible source, as it was frequently reported by the sporadic cases and also emerged from the investigation of all three clusters of S. Goldcoast infection.
Besides dry cured and cooked ham, which are considered products with a low-risk of Salmonella spp. infection, salami was the most frequent food exposure among the pork products, even if the consumption of salami alone would not explain all S. Goldcoast cases in this outbreak.
Salami has been implicated in several Salmonellarelated food-borne outbreaks in Italy [19, 20] as well as other countries [21] [22] [23] . Salami are dry fermented sausages traditionally considered safe due to low pH, low water activity and high salinity, but Salmonella can survive fermentation and drying steps if the manufacturing process or fermentation periods are inadequate. The main reasons for contaminated salami are Salmonella contamination at the initial manufacturing stages and/or failures during the fermentation process [24] . Observations from a recent study on the survival of Salmonella in different types of Italian salami, demonstrated that the Salmonella population declined during the experimental period but surviving organisms were always detected at the end of that period [25] . Several studies aiming at estimating the magnitude of reduction of the Salmonella population in Italian salami, using different techniques of preparation and storage conditions, have yielded varying results. A model developed by Pin et al. [26] , predicted one order of magnitude reduction of the Salmonella population in salami during the storage period. Higher levels of reduction were reported by Nightingale et al. [27] and Porto-Fett et al. [28] in experimental studies in fermented and dried Italian-style and Genoa salami, respectively. Conversely, Messier et al. [29] did not detect surviving Salmonella organisms after 11 days in Genoa salami inoculated with 10 3 cfu/g. These data demonstrate that although salami manufacturing processes generally lead to appreciable reductions in the levels of Salmonella, they do not always result in a reduction of the initial pathogen loads, adequate to avoid possible transmission to human.
The delay between the occurrence of the majority of the epidemic cases and the time of the investigation, represented the most critical limitation of our study. Had both the epidemiological and microbiological investigations been conducted immediately after the peak of the outbreak in 2009, more concrete risk exposures may have been identified. The possibility of sampling and testing the suspected food items were also strongly hampered by the poor timeliness of the outbreak investigation, which limited the possibility to detect the outbreak source. Even the trace-back activity for suspected food, which can be of crucial importance for the identification of the source of infection, or at least for identifying where a contamination of the food-production chain could have occurred (e.g. preharvest or post-harvest), was limited by the difficulties of tracing back the salami. Salamis are usually made from minced meat of various species and animals (usually either pork or pork and beef) that may originate from various batches and/or carcasses. This makes the trace-back of these products, even on a small scale, extremely challenging.
These limitations of our investigation may also explain why a common link between cases of S. Goldcoast infection in Italy and Hungary could not be clearly established, although evidence from the molecular characterisation of S. Goldcoast strains and the epidemiological findings (temporal pattern connection, characteristics of the cases, suspected food) suggested an evident epidemiologic relationship between them.
In conclusion, this report shows that the outbreak of AGI associated with the rare S. Goldcoast serotype that occurred in Italy in 2009 and 2010 was probably part of a larger multistate outbreak with a continuous source. Our results highlight how crucial the exchange of information was, at EU, national or regional level, for both the outbreak detection and investigation. Epidemiological and microbiological information on cases, collected in a surveillance system for AGI associated with enteric pathogens, should be aimed at detecting and promptly investigating community-wide outbreaks. Whenever such data are disconnected, as in the case of Italy, it is essential to efficiently combine the information, in order to avoid delay in outbreak detection and investigation. Similarly, sharing of protocols for Salmonella spp. strain typing between human and veterinary laboratory networks is critical in order to generate and confirm hypotheses on possible sources of infection.
